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[
CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain

acre 0.4047 ! hectare

acre-foot (acre-ft) 1,233 cubic meter

acre-foot per acre 0.3048 ‘ cubic meter per
(acre-ft/acre) | square meter

cubic foot per second 0.028317 cubic meter per
(£t3/s) second

inch (in.) 25.4 millimeter

mile (mi) 1.609 kilometer

square mile (mi?) 2.59 square kilometer

Temperature can be converted to degrees Fahrenheit (°F) by the equation:
°F = 9/5 (°C) + 32
Water-quality units that are abbreviated in this report:
pg/L  micrograms per liter
uS/cm microsiemens per centimeter at 25 degrees Celsius
mg/L milligrams per liter
Water-year definition:

A water year is the 12-month period October 1 through September 30. It is
designated by the calendar year in which it ends.
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Table 1.--Instantaneous streamflow and speclfic conductance at measurement sites--Continued

Spe- Spe-
cific cific
Esti- Stream- conduct- Stream- conduct-
Site No. mation flow ance flow ance
(fig. 1) Site name met hod Date (£t3 /s) (1S/cm) Date (£ft3/s) (uS/cm)
12 Pryor Creek at Pryor c,G 04-20-89 27.0 - 07-20-89 7.2 -
(station 06216000) 05-11-89 27.5 462 08-16-89 8.5 528
05-25-89 26.0 478 09-12-89 16.1 495
06-01-89 26,1 - 10-24-89 17.1 518
06-16-89 13.4 511 03-29-90 23.5 538
07-07-89 6.6 266 07-24-90 10.1 498
13 Unnamed tributary at Pryor (o 04-20-89 0 - 07-20-89 0 -
05-11-89 0 - 08-16-89 0 -
05-25-89 0 - 09-12-89 0 -—
06-01-89 0 - 10-24-89 0 -
06-16-89 0 - 03-29-90 0 -
07-07-89 0 - 07-24-90 0 -
14 Plum Creek near Pryor (o 04-20-89 .02 - 07-20-89 0 -
05-11-89 .1 978 08-16-89 0 -
05-25-89 .04 1,080 09-12-89 0 -
06-01-89 .01 1,080 10-24-89 0 -
06-16-89 0 - 03-29-90 .02 -
07-07-89 0 - 07-24-90 0 -
15 Smallpox Creek near Pryor c 04-20-89 1.0 - 07-20-89 .1 890
05-11-89 .9 730 08-16-89 .1 995
05-25-89 .8 775 09-12-89 .1 905
06-01-89 .8 724 10-24-89 .1 760
06-16-89 .5 779 03-29-90 .6 -
07-07-89 .1 765 07-24-90 .1 903
16 Fourth of July Creek near Pryor c 04-20-89 .4 - 07-20-89 0 -
05-11-89 .4 1,740 08-16-89 0 -
05-25-89 .3 1,780 09-12-89 0 -
06-01-89 .3 1,780 10-24-89 0 -
06-16-89 .1 -— 03-29-90 .8 1,540
07-07-89 0 - 07-24-90 .3 775
17 Deep Creek near Pryor (o 04-20-89 1.5 - 07-20-89 .1 1,280
05-11-89 2.3 900 08-16-89 .1 1,400
05-25-89 1.9 1,100 09-12-89 .1 -
06-01-89 1.6 945 10-24-89 .1 -
06-16-89 .6 1,100 03-29-90 2.0 900
07-07-89 .2 1,190 07-24-90 .1 1,220
18 Pryor Creek downstream from - 10-24-89 29.9 525 07-24-90 9.5 -
Deep Creek, near Pryor 03-29-90 20.1 622
19 Unnamed tributary ~nwnstream C 04-20-89 .2 - 07-20-89 0 -
from Deep Creek, unear Pryor 05-11-89 .01 1,550 08-16-89 0 -
05-25-89 0 - 09-12-89 0 -—
06-01-89 0 - 10-24-89 0 -
06-16-89 0 - 03-29-90 0 -
07-07-89 0 - 07-24-90 0 -
20 Pryor Creek upstream from (o4 04-20-89 34.0 - 07-20-89 6.6 640
Hay Creek, near Pryor 05-11-89 33.8 548 08-16-89 8.6 642
: 05-25-89 31.0 592 09-12-89 20.6 542
06-01-89 32.5 543 10-24-89 19.1 ==
06-16-89 20.0 604 03-29-90 28.9 654
07-07-89 5.1 618 07-24-90 10.3 622
21 Hay Creek near Pryor [ 04-20-89 5.0 - 07-20-89 .3 865
05-11-89 7.0 710 08-16~-89 .01 -
05-25-89 4.8 795 09-12-89 0 -
06-01-89 4.8 720 10-24-89 1.4 -
06-16-89 2.9 772 03~29-90 5.6 845
07-07-89 .5 835 07-24-90 .9 899

I Sstreamflow computed by adding measured flow 1n Pryor Ditch 2 to measured flow in Pryor Creek just downstream from
2Sp§g{gfcbt§:2ugéance measured just downstream from Pryor Ditch 2.

3Streamflow computed by adding measured flow in Pryor Ditch 3 to measured flow in Pryor Creek just downstream from
‘Stigggglgttggmgﬁted by subtracting tributary inflow (site 11) from measured flow in Pryor Creek just downstream from
’SpEZiggga:gﬂductance measured just downstream from Macheta Creek.



In the concurrent-measurement method analysis, long-term (water years 1937-86)
mean monthly streamflow estimates for the gaged site, Pryor Creek at Pryor (site
12), were developed using a mixed-station record-extension procedure described by
Alley and Burns (1983). This mixed-station procedure necessitates selecting the
best base stations from all those available in a region to fill in each month of
missing record. The same set of base stations useg in the Musselshell River basin
study for the Plains Region (Parrett and Johndon, 1989) was used to extend the
record of site 12. The curve-fitting technique and record-extension procedure are
described in detail by Parrett and Johnson (1989) and Parrett and others (1989).

Next, measured streamflows at each ungaged sit were paired with concurrent
flows for gaged site 12, and a line was drawn through the logarithms of the data
set using the MOVE.l (Maintenance of Variance Extension, Type 1) curve-fitting
technique (Parrett and Johnson, 1989; Parrett and others, 1989). Because zero
flows are commmon in the Pryor Creek basin, 1 ft3/s was added to all streamflows
before the data were converted to logarithms. An example of a typical MOVE.1l line
fit to streamflow data at an ungaged site in the study area is shown in figure . 2.
To estimate the long-term mean monthly streamflow at an ungaged site using the
concurrent-measurement method, the long-term mean monthly streamflow at the gaged
site plus 1 ft3/s (value of 20 ft3/s) is located on the x-axis and projected upward
to the MOVE.1l line; the estimated value then is read on the y-axis (value of 2
ft3/s) as shown in figure 2. Finally, 1 ft3/s is subtracted from the value read
from the y-axis to arrive at the correct estimated long-term mean monthly
streamflow for the ungaged site (2 - 1 = 1 £t3/s).

Estimates of long-term mean monthly, mean annual, and mean irrigation-season
available streamflow for the 13 ungaged sites and 1 gaged site are given (table 2).
Because of the overall streamflow characteristics, the reliability of concurrent-
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measurement estimates for this study area is considered to be comparable to that
for the Plains Region in the Mussellshell River basin study (Parrett §nd Johnson,
1989). Standard errors in the Plains Region of that study, in log units, ranged
from 0.39 to 0.68. The large standard errors were attributed to the large natural
variability of streamflow and the considerable effect of irrigation on streamflow

in the Plains Region.

Table 2.--Estimated long-term mean monthly, mean annual, and mean
irrigation~-season streamflow

[--, no data]

Cubic feet per second

Site
No.
(fig. 1) Site name Oct. Nov. Dec. Jan. Feb. Mar. Apr.
1 Pryor Creek upstream from Summit Creek, 7 7 7 6 6 7 7
near Pryor
2 Pryor Creek downstream from Summit Creek, .5 .5 .5 .4 .4 .6 .5
near Pryor
3 Pryor Creek upstream from Pryor Ditch 1, 0 0 0 0 0 0 [}
near Pryor
5 Lost Creek Ditch near Pryor! -- - - - - - --
11 Macheta Creek near Pryor 1 1 1 1 1 2 2
12 Pryor Creek at Pryor (station 06216000) 30 31 33 28 26 35 33
13 Unnamed tributary at Pryor 0 0 0 [} 0 [} 0
14 Plum Creek near Pryor 0 0 .1 0 0 .1 .1
15 Smallpox Creek near Pryor .9 1 1 .9 .8 1 1
i6 Fourth of July Creek near Pryor .4 .4 .4 .3 .3 .4 .4
17 Deep Creek near Pryor 2 2 2 2 2 2 2
19 Unnamed tributary downstream .1 .1 .1 .1 .1 .1 .1
from Deep Creek, near Pryor
20 Pryor Creek upstream from Hay Creek, 39 41 44 35 33 47 44
near Pryor
21 Hay Creek near Pryor 6 7 7 S S 8 7
Cubic feet per second
Mean
irriga-
tion
Site season
No. Mean (May~
(fig. 1) Site name May June July Aug. Sept. annual Sept.)
1 Pryor Creek upstream from Summit Creek, 9 8 6 S 6 7 7
near Pryor
2 Pryor Creek downstream from Summit Creek, .8 .7 .4 .2 .4 5 .5
near Pryor
3 Pryor Creek upstream from Pryor Ditch 1, ] o o] o [ [ [
near Pryor
5 Lost Creek Ditch near Pryor! .9 .9 .7 .7 .17 - .8
11 Macheta Creek near Pryor 2 2 1 .7 1 1 1
12 Pryor Creek at Pryor (station 06216000) 50 46 24 19 25 32 33
13 Unnamed tributary at Pryor [¢] [¢] o] [¢] 0 0 [¢]
14 Plum Creek near Pryor .1 .1 0 0 0 0 0
15 Smallpox Creek near Pryor 1 1 .8 .6 .8 .9 .8
16 Fourth of July Creek near Pryor .6 .5 .3 .2 .3 .4 .4
17 Deep Creek near Pryor 3 3 2 1 1 2 2
19 Unnamed tributary downstream .1 .1 .1 ] .1 .1 .1
from Deep Creek, near Pryor
20 Pryor Creek upstream from Hay Creek, 72 64 30 22 31 42 44
near Pryor
21 Hay Creek near Pryor 14 12 4 3 S 7 8

1No estimates made outside the irrigation season because flow may be discontinued.



Because of the large observed flow variability of Pryor Creek upstream from the
gaged site, three sets of gain-loss measurements (fig. 3) were made along 33 mi of
Pryor Creek to document the ground-water/surface-water interaction and to estimate
long-term mean monthly flow of Pryor Creek upstream from Pryor Ditches 2 and 3 (at
sites 6 and 8). The October measurements were made after the 1989 irrigation
season, the March measurements were made before the 1990 irrigation season, at or
near base flow, and the July measurements were ma during the 1990 irrigation
sSeason. The July 24th measurements are present for comparative purposes only,
because gaged records showed a streamflow increase [greater than 25 percent on that

day.

As shown in figure 3, the flow of Pryor Creek is interrupted (near sites 2 and
3) and variable. The gain-loss measurements indicate that Pryor Creek loses flow
in the reach farthest upstream, is dry upstream from Pryor Ditch 1 (site 3), and
gains substantial flow between site 3 and site 10 (upstream from Macheta Creek).
The October and March measurements indicate that Pryor Creek gains flow between
Macheta Creek and Deep Creek, but loses flow dowigtream from Deep Creek (site 18)
to upstream from Hay Creek near Pryor (site 20). he loss in streamflow might be
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the result of an unaccounted diversion in this reach. A sudden decrease of
streamflow (fig. 3) represents water withdrawal; for example, Pryor Creek
downstream from site 8 at times loses flow to Pryor Ditch 3 (site 9). A sudden
increase represents tributary inflow; for example, Pryor Creek downstream from site
10 gains flow from Macheta Creek (site 11).

Because of variable streamflows and substantial withdrawals for irrigation
between sites 3 and 10, a multi-step, gain-loss-measurement method for estimating
the long-term mean monthly streamflow was developed for this reach of Pryor Creek.
In this instance, the effect of irrigation withdrawals was minimized by adding,
sequentially, measured flows of Pryor Ditches 1, 2, and 3 (sites 4, 7, and 9) to
the measured streamflows at sites 6, 8, and 10). Streamflow at site 12, although
outside the reach between sites 3 and 10, also was used in the natural-flow deter-
mination. All these flows, hereinafter referred to as natural streamflows, repre-
sent those that likely would have occurred without any human use of the water.

Computed natural streamflows for the October 1989 and March 1990 measurements
are presented in figure 4. As shown, natural streamflow increases nearly linearly
between sites 3 and 10 for both sets of measurements. The linear relation can be
used to determine the long-term mean monthly natural streamflow at any point on
Pryor Creek within that reach if the long-term mean monthly natural flows are known
for sites 3 and 10. On the basis of available measurements, long-term mean monthly
natural streamflow at site 3 for all months during the irrigation season is zero
(table 3).
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Table 3.--Estimated long-term mean monthly natural flow of
Pryor Creek for the irrigation season

Cubic feet per second

Site
No.
(fig. 1) Site name May June July  Aug. Sept.
3 Pryor Creek upstream from Pryor 0 0 0 0 0
Ditch 1, near Pryor
6 Pryor Creek upstream from Pryor 16 19 13 10 10
Ditch 2, near Pryor
8 Pryor Creek upstream from Pryor 29 34 24 19 18
Ditch 3, near Pryor
10 Pryor Creek upstream from Macheta 45 54 38 29 28
Creek, near Pryor
12 Pryor Creek at Pryor (station 50 59 42 33 32

06216000)

The first step in estimating natural streamflow using the gain-loss-measurement
method was to determine the long-term mean monthly natural streamflow at the gaging
station (site 12), which was assumed to equal the long-~term mean monthly flow for
site 12 plus that for sites 4, 7, and 9. The long-term mean monthly flow for sites
4, 7, and 9 was based on estimates of monthly mean flow for the 1989 irrigation
season. Because Pryor Ditch 1 at site 4 was dry during all wvisits in 1989, the
long-term mean monthly flow for site 4 was estimated to be zero for all months.
For sites 7 and 9, monthly mean flow was based on nine measurements from April
through September 1989. Each measurement was assumed to equal the daily mean flow,
which was assumed to be constant for one-half the elapsed time since the 1last
measurement plus one-half the elapsed time until the next measurement. The daily
values thus determined were summed and then divided by the number of days of the
month to yield estimates of monthly mean flow for 1989. Between measurements at
both sites, flows were assumed to be fairly constant because headgate settings were
observed to not vary greatly.

Long-term mean monthly flows for the ditches (sites 7 and 9) were computed by
multiplying the 1989 monthly mean flow of the ditches by the long-term mean monthly
flow at site 12, then dividing the product by the 1989 monthly mean flow at site
12. The combined estimated mean monthly flow for sites 7 and 9 was assumed to
never be greater than the combined average ditch capacity of 18 ft3/s. The average
ditch capacities, which were determined from channel washlines and brush growth,
were 10 ft3/s at site 7 and 8 ft3/s at site 9. Estimates of the 1989 and long-term
mean monthly combined flow for sites 4, 7, and 9 are given in table 4. The long-
term mean monthly natural flow for site 12, estimated by summing data from tables 2
and 4, is given in table 3.

|

The second step in estimating natural streamflow was to determine the natural
flow for the Pryor Creek site upstream from Macheta Creek (site 10). The long-term
mean monthly natural flow at this site was computed by subtracting the mean monthly
flow for Macheta Creek (site 11) and the estimated monthly flow gain of Pryor Creek
between sites 10 and 12 from the long-term mean monthly natural flow at site 12.

Table 4.--Estimated 1989 and long-term!mean monthly combined
flow of Pryor Ditches 1, 2, and 3 (sjtes 4, 7, and 9) for
the irrigation season '

Cubic feet per second

L
|
|
Period May’ June July Aug. Sept.
}

1989 0.0 5 13 9 4
Long-term mean (water years 1937-86) 0 13 18 14 7

.
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The streamflow gain between Macheta Creek and site 12--believed to be mostly
irrigation return flow--was estimated by linearly varying, on a monthly basis, the
gain determined from the October 1989 and March 1990 gain-l0ss measurements (1.6
and 3.4 ft3/s, respectively). For April through September, the estimates of
streamflow gain varied linearly from 2.1 to 3.1 ft3/s. The computed long-term mean
monthly natural streamflow for site 10 is presented in table 3.

The third, and final, step in estimating natural streamflow was to calculate
the natural flow for Pryor Creek at sites 6 and 8 using the presumed linear gain in
flow between sites 3 and 10. Natural flow for Pryor Creek at sites 6 and 8, and
for any point between sites 3 and 10, can be estimated from figure 5. For example,
the mean June natural flow for site 8 is read from the y-axis of the graph as 34

ft3 /s. The 1long-term mean monthly natural flow for sites 6 and 8 is listed in
table 3.
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Figure 5.--Lines for estimating mean monthly natural flow of Pryor
Creek, May through September.

The estimates of mean monthly natural streamflow can be used to estimate the
effects of diversions on downstream flow. For example, the mean September natural
flow at site 6 is 10 ft3/s (table 3). If 10 ft3/s is withdrawn into Pryor Ditch 2
(site 7), the estimated flow of Pryor Creek upstream from Pryor Ditch 3 (site 8) is
the estimated natural flow minus the quantity withdrawn (18 ft3/s - 10 ft3/s = 8
ft3/s). The quantity withdrawn (10 £t3/s) would also be subtracted from the mean

11
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September natural flow for sites 10 and 12 if aLtual streamflow at these sites
needed to be estimated.

The streamflow available for monthly use in %he Pryor Unit is the long-term
mean monthly natural flow of Pryor Creek upstrebm from Pryor Ditch 1 (site 3) plus
the long-term mean monthly natural flow gain between Pryor Ditches 1 and 3 plus the
small quantity of flow diverted from Lost Creek into Pryor Ditch 1 by way of Lost
Creek Ditch (site 5). Because of the assumed linear increase in natural flow
between sites 3 and 10, the streamflow available for use in the Pryor Unit can be
expressed simply as the long-term mean monthly natural flow at site 8 plus the mean
monthly flow at site 5, which is the water diverted from Lost Creek to Pryor Ditch
1. Thus, for example, the water available to the Pryor Unit in May is 29 f£t3/s
(site 8, table 3) plus 0.9 ft3/s (site 5, tabFe 2) or 30 ft3/s (rounded). Simi-
larly, the water available in June, July, August, and September is 35, 25, 20, and
19 ft3/s, respectively. ‘

In general, the gain-loss-measurement method is considered to be more reliable
than the concurrent-measurement method for eskimating mean monthly streamflow at
sites 6 and 8. The gain-loss-measurement method is more reliable because the ef-
fect of streamflow withdrawals for irrigation was minimized. However, the relia-
bility of this method cannot be measured precisely without more data on irrigation
water use and streamflow over a period of several years.

WATER NEEDS FOR IRRIGATION
i
In the upper Pryor Creek basin, irrigation is by far the largest use of water
and most irrigation occurs in the Pryor Unit. o evaluate water needs for irri-
gation, water requirements and losses were determined first for 1 acre and then for
the total acreage under irrigation facilities in the Pryor Unit.

Water requirements and 1losses (table 5) were determined using monthly and
seasonal factors. The factors for consumptive use are based on alfalfa, which has
the largest consumptive-use requirement of irrigated crops grown in the area. The
consumptive-use requirement of pasture grass and spring grain, the other crops
irrigated in the area, is about 90 percent that of alfalfa.

Table 5.--Estimated normal monthly and tota|l water requirements and
losses for the irrigation season in the Pryor Unit

Irrigation
season
Variable May June July Aug. Sept. (May-Sept.)
Consumptive-use requirement! 0.34 0.50 0.66 0.54 0.28 2.32
Net irrigation requirement! .02 .35 .58 .47 .02 1.44
Conveyance loss? .06 .84 1.38 1.12 .05 3.45
On-farm loss? .03 .48 .80 .65 .03 1.99
Diversion requirement? .11 1.67 2.76 2.24 .10 6.88
2 _f 2,220 in P Unit
|
Consymptive use 750 1,100 1,500 1,200 620 5,200
Net irrigation requirement 40 780 1,300 1,000 40 3,200
Conveyance loss 100 1,900 3,100 2,500 100 7,700
On-farm loss 70 1,100 1,800 1,400 70 4,400
Diversion requirement3 200 3,800 6,200 4,900 200 15,300

1From U.S. Soil Conservation Service (1988); precipitation data based on period 1941~70 (John
Dalton, U.S. Soil Conservation Service, Bozeman, Mont., oral commun., 1991).

2From U.S. Soil Conservation Service (1978).

3Determined by addition of values for net irrigation requirement, conveyance loss, and on-farm
loss (values may not total exactly because of rounding)
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The normal seasonal consumptive-use requirement for alfalfa (based on median
climatic conditions) is about 2.32 acre-ft of water per acre (table 5). Of this
quantity, about 0.88 acre-ft/acre is supplied from precipitation and soil moisture
stored between irrigation seasons. The difference between the water requirement of
a crop and the precipitation plus stored soil moisture, which is about 1.44 acre-
ft/acre, is the quantity of water needed for irrigation (net irrigation require-
ment) .

The diversion requirement is the sum of the net irrigation requirement, the
conveyance (delivery-system) losses, and the on-farm (water-application) losses.
About 79 percent of the diversion requirement is attributed to conveyance and on-
farm losses (table 5). Thus, to supply the irrigation requirement, a diversion
requirement needs to be about five times greater than the net irrigation require-
ment (U.S. Soil Conservation Service, 1978). An example of the use of table 5 to
estimate water requirements and losses for 1,000 acres in July follows: the
consumptive-use requirement is 660 acre-ft (1,000 acres multiplied by 0.66 acre-
ft/acre), the net irrigation requirement is 580 acre-ft, the conveyance 1loss is
1,380 acre-ft, the on-farm loss is 800 acre-ft, and the diversion requirement is
2,760 acre-ft.

The factors for conveyance loss, on-farm loss, and diversion requirement are
based on the overall irrigation efficiency in Big Horn County (U.S. Soil Conser-
vation Service, 1978) and are considered to be representative of the Pryor Unit.
Because the small irrigated fields between Macheta Creek and Hay Creek and else-
where in the study area generally have short conveyance systems, the factors for
conveyance and on-farm losses, and thus the diversion requirement calculated wusing
these factors, might ‘be too 1large. In addition, where the water table is high
enough to cause subirrigation, the quantity of water available to crops is in-
creased and thus the net irrigation requirement is decreased. A decrease in the
net irrigation requirement, in turn, decreases the conveyance and on-farm losses
and the diversion requirement.

Onsite surveys during the 1989 irrigation season were used to estimate
irrigated acreage for the Pryor Unit and the area adjacent to Pryor Creek between
Macheta Creek and Hay Creek. Acreage that might not have been irrigated in 1989
but that appeared capable of being irrigated with existing facilities (acreage
under irrigation facilities) also was estimated. For the Pryor Unit, a map
furnished by the U.S. Bureau of Indian Affairs that had delineated acreages under
irrigation facilities was used to denote fields that received irrigation in 1989.
For the area adjacent to Pryor Creek between Macheta Creek and Hay Creek, fields
that received irrigation in 1989 were sketched onto U.S. Geological Survey 7.5-
minute series topographic maps using local landmarks as guides. Also denoted on
these topographic maps were fields under irrigation facilities, as evidenced by
nearby irrigation equipment or facilities. The acreages were determined by manual
planimetering.

The acreage observed being irrigated at least once during 1989 was about 400
acres in the Pryor Unit and about 250 acres adjacent to Pryor Creek between Macheta
Creek and Hay Creek. The estimated acreage under irrigation facilities during the
1989 irrigation season was about 2,220 acres for the Pryor Unit and about 350 acres
adjacent to Pryor Creek between Macheta Creek and Hay Creek.

This method of estimating irrigated acreage is considered to provide the most
accurate estimate of total acres under irrigation facilities (Parrett and Johnson,
1988, p. 645-647). The total acreage irrigated in 1989 could have been larger
because some fields might have received irrigation between, but not during, visits.
On the basis of observations of irrigation practices and the random timing of
vigits, however, few irrigated fields are believed to have been missed.

The estimated normal monthly and irrigation-season water requirements and
losses for the 2,220 acres of the Pryor Unit are presented in table 5. Because
water used for irrigation commonly is reported as a volume and not as a streamflow
rate, data in table 5 are reported in acre-feet. According to these data, the
irrigation-season diversion requirement for the Pryor Unit is about 15,300 acre-ft.
About 73 percent of this total is during July (6,200 acre-ft) and August (4,900
acre-ft).
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ADEQUACY OF STREAMFLOW QUANTITY FOR IRRIGATION

The adequacy of streamflow available fo irrigation can be determined by
comparing the diversion requirement with the available streamflow. An assumption
made here is that the Pryor Unit conveyance system is capable of delivering the
monthly diversion requirement.

According to the data in table 6, about 7,700 acre-ft (50 percent) of the
estimated irrigation-season diversion requirement! for the Pryor Unit (15,300 acre-
ft) is available from Pryor Creek and Lost Creek Ditch flows. Only during May and
September does the available streamflow exceed the diversion requirement. For the
water-short periods of June, July, and August, when the diversion requirement is
largest (total of 14,900 acre-ft), the estimated available streamflow is only about
4,800 acre-ft. The result is a deficit of 10,100 acre-ft, of which 8,400 acre-ft
occurs during July and August.

Table 6.--Normal monthly and total water excess or deficit for the
irrigation season in the Pryor Unit

Acre~feet
Irrigation
season
(May-
May June  July Aug. Sept. Sept.)
Diversion requirement (table 5) 200 3,800 6,200 4,900 200 15,300
Available streamflow! 1,800 2,100 ;1,500 1,200 1,100 7,700
Water excess (+) or deficit (=) +1,600 -1,700 %4,700 -3,700 +900 -7,600

lEstimated mean monthly natural flow for Pryor Creek upstream from Pryor Ditch 3
(site 8) plus flow for Lost Creek Ditch (site 5).

If the diversion requirements for July and August are to be satisfied, a water
supply capable of delivering additional daily mean flows of about 276 £ft3/s during
July and 60 £t3/s during August would be needed. These large quantities of flow
cannot be supplied from surface-water sources in the study area. Also, these large
quantities probably could not be supplied from nearby ground-water sources (M.R.
Cannon, U.S. Geological Survey, oral commun., 1991).

The current available streamflow would be adgquate to almost meet the estimated
consumptive-use requirements of the Pryor Unit during July and August if conveyance
losses were eliminated and the on-farm irrigation efficiency were increased, such
as by sprinkler irrigation. For example, the consumptive use for July and August
is about 2,700 acre-ft (table 5) and the available streamflow is about 2,700 acre-
ft (table 6). Improved irrigation efficiency wdquld mean that fewer new water
sources would need to be located and developed.

STREAMFLOW QUALIfY

Water samples for chemical analysis were collected from Pryor Creek, selected
tributaries, and irrigation ditches using standard U.S. Geological Survey methods
as described by Knapton (1985). Samples were |collected at 8 sites on August 16,
1989, and 11 sites on July 24, 1990 (table 7). he samples obtained from two of
the irrigation ditches (sites 7 and 9) are presumed to be representative of Pryor
Creek at sites 6 and 8, because the sampling locations were just downstream from
the diversion structures. Macheta Creek (3ite 11), Fourth of July Creek (site 16),

2An example computation:

Daily mean flow (monthly water excess or deficit/days in month)/1.9835
(4,700/31)/1.9835
76 ft3/s.
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[Analyses by Montana Bureau of Mines and Geology laboratory.

Table 7.--Water-quallity data for selected streamflow sites

Abbreviations:

uS/cm, microsiemens per centimeter at 25 °C; °C, degrees Celsius; mg/L, milligrams per liter; ng/L,

ft3/s, cubic feet per second;

micrograms per liter. Symbols: <, less than; --, no data]
Stream- Spe- PH, Hard- Cal- Magne-
flow, cific labora~ Tem~ Tem~ ness, clum, sium, Sodium,
Site instan- con- tory pera- pera- total dis~ dis- dis- Sodium-
No. tan- duct- (stand- ture, ture, (mg/L solved solved solved adsorp-
(fig. eous ance ard air water as (mg/L (mg/L (mg/L tion
1) Site name Date (ft3/s) (uS/cm) units) (°C) (°c) Caco3) as Ca) as Mg) as Na) ratio
1 Pryor Creek upstream from 8/16/89 3.1 402 8.4 15,0 8.5 219 52 22 2.0 0.05
Summit Creek, near Pryor 7/24/90 5.9 389 8.3 16.5 9.5 217 51 22 .6 .01
5 Lost Creek Ditch near Pryor 8/16/89 .5 380 8.4 15.5 14.0 200 47 20 .7 .02
7/24/90 1.0 338 8.1 24.5 17.0 192 45 19 .5 .02
7 Pryor Ditch 2 near Pryor 8/16/89 7.4 494 8.4 21,5 13.0 253 58 26 3.4 .09
7/24/90 8.4 434 8.4 31.0 15.0 246 56 26 2.4 .06
9 Pryor Ditch 3 near Pryor 8/16/89 1.2 498 8.0 19,5 12,5 249 56 27 3.7 .10
7/24/90 3.3 434 8.3 31.0 15.0 266 59 29 3.7 .09
11 Macheta Creek near Pryor 7/24/90 .1 790 8.8 27.0 24.5 274 49 37 79 2
12 Pryor Creek at Pryor (sta- 8/16/89 8.5 528 8.3 21.5 16.5 284 59 34 7.2 .18
tion 06216000) 7/24/90 10.1 498 8.0 27.5 17.5 275 57 32 6.1 .16
15 Smallpox Creek near Pryor 8/16/89 .1 995 8.5 24,5 15,5 326 59 43 98 2
7/24/90 .1 903 8.4 29.0 24.5 345 59 48 79 2
16 Fourth of July Creek near 7/24/90 .3 775 8,2 20.5 17.0 346 68 43 38 .89
Pryor
17 Deep Creek near Pryor 8/16/89 .1 1,400 8.6 26.5 20.0 342 51 52 176 4
7/24/90 .1 1,220 8.3 23,5 16.0 372 60 54 139 3
20 Pryor Creek upstream from 8/16/89 8.6 642 8.4 22.0 22.0 283 50 39 31 .79
Hay Creek, near Pryor 7/24/90 10,3 622 8.1 21.0 18.0 288 52 39 29 .75
21 Hay Creek near Pryor 7/24/90 .9 899 8.3 16.5 17.0 361 81 38 65 1
Alka- Solids,
Potas- linity, Chlo- Fluo- Silica, sum of Solids, Cad- Chro- Manga-
sium, labor- Sulfate, ride, ride, dis- constit- dis- Boron, mium, mium, Iron, Lead, nese,
Site dis- atory dig- dis- dis- solved uents, solved dis- dis- dis- dis- dis- dis-
No. solved (mg/L solved solved solved (mg/L dis- (tons solved solved solved solved solved solved
(fig. (mg/L as (mg/L (mg/L (mg/L as solved per (0g/L  (Bng/L (Wg/L (hg/L (hg/L  (ug/L
1) as K) c:coa) as soq) as Cl) as F) sioz) (mg/L) day) as B) as Cd) as Cr) as Fe) as Pb) as Mn)
1 0.22 205 11 0.8 0.9 7.1 346 2.9 <20 <2 <2 0.010 <40 0.001
.47 196 9 .6 .6 8.0 331 - <40 <5 <5 .004 - .005
5 .11 184 8 2,1 .5 4.5 307 .4 <20 <2 <2 .002 <40 .002
.94 171 5 .1 .4 6.0 294 - <40 S <5 - - .042
7 .52 235 28 1.3 .6 8.2 414 8.3 <20 <2 <2 <.002 - .004
.86 215 24 1.0 .5 9.2 377 - <40 <5 <5 .008 - .003
9 .60 236 28 1.5 7 8.2 413 1.3 <20 <2 <2 .005 <40 .005
1.1 226 26 1.1 .5 9.4 406 -- <40 <5 <5 .004 - .002
11 3.1 196 187 9.1 .5 7.8 639 -— 198 <5 <% .006 - .045
12 1.1 246 50 2.9 .3 9.5 466 11 <40 <5 <5 <.002 <40 .013
1.4 244 30 1,5 .4 10 437 - <40 <5 <5 .004 - .008
15 2.4 359 153 17 1.4 12 827 .2 90 <2 6 .020 <40 .023
2,4 332 133 11 6 12 750 - 144 <5 <5 .014 - .006
16 2.4 246 130 27 5 11 621 - <40 <5 <5 .007 - .031
17 1.6 333 371 21 .9 3.8 1,080 .1 109 <2 <2 <.002 <40 .004
2,4 363 279 16 .6 6.7 1,000 - 204 <5 <5 .009 - .026
20 1.2 235 89 11 .6 36 543 13 <20 <2 <2 <,002 <40 .015
1.7 237 89 10 .4 5.7 517 - 40 <5 <5 .008 -— .027
21 2.2 314 164 9.3 .5 9.6 753 - 144 <5 <5 .005 -— .1
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and Hay Creek (site 21) were not sampled on August 16, 1989, because the flow was
0.01 ft3/s or less. All samples were sent to the Montana Bureau of Mines and
Geology laboratory for chemical analysis using methods described by Fishman and
Friedman (1989). Specific conductance and temperature were measured onsite.

Dissolved-solids concentration in Pryor Creek increased downstream (table 7).
On August 16, 1989, the dissolved-solids concentration was 346 mg/L at site 1, 46¢€
mg/L at site 12, and 543 mg/L at site 20, Similarly, on July 24, 1990, the
concentration was 331 mg/L at site 1, 437 mg/L ai site 12, and 517 mg/L at site 20.
These data indicate increases of 57 and 56 percent, respectively, for the two time
periods from site 1 to site 20, a distance of about 33 stream miles.

The water samples were collected during\ the middle to latter part of the
irrigation season when irrigation water demand was large, irrigation return flow
was present, and mainstem and tributary streamflows were small. Because ground
water contributes most of the dissclved constituents to natural streams (Hem,
1985), the dissolved-sclids concentrations (table 7) might be larger than those
that would have occurred earlier in the irrigation season when streamflows were
larger and return flows were minimal.

The dissolved-solids concentrations in table|7 are considered to be representa-
tive of conditions when streamflow is low; however, they might not represent ex-
treme conditions. For example, -'dissclved-scolids concentrations in Pryor Creek
could be greatly increased temporarily by a thunderstorm that produces runocff into
a normally dry tributary channel and flushes downstream the dissolved constituents
that have been concentrated in pools or precipitated as salt deposits by evapora-
tion. .

Although dissolved-solids concentration is a useful guide for irrigation man-
agement, it needs to be determined by laboratory analysis. Specific conductance,
which is highly correlated with dissclved-sclids concentration and can be deter-
mined onsite at the time of sampling, is a good surrogate for dissolved-solids
concentration. Considerably more analyses of specific conductance (table 1) are
available than analyses of dissoclved-solids concentration (table 7). During water
year 1989, the specific conductance for Pryor Creek varied from 319 to 402 pS/cm at
site 1, 266 to 528 uS/cm at site 12, and 542 to 642 uS/cm at site 20. The specific
conductance of 266 puS/cm at site 12 on July 7, 1989, was the smallest determined
for Pryor Creek during the study. This value appears to be anomalous becausé it
corresponds to the smallest flow for site 12 during water years 1989-90.

Irrigation water having dissolved-solids concentrations of less than 1,000 mg/L
generally has 1little or no detrimental effect on plant growth. However, without
careful management, concentrations in the range of 1,000 to 2,000 mg/L could be
detrimental to plant growth and s0il conditioning (U.S. Environmental Protection
Agency, 1986).

Of the water sampled from Pryor Creek, tributaries, and irrigation ditches, all
samples but two had dissolved-solids concentratiins less than 1,000 mg/L (table 7),
indicating that the water is suitable for irrigation. Deep Creek water might not
be suitable for irrigation, however, because two samples had dissolved-solids
concentrations that equaled or exceeded 1,000 mg/L.

SUMMARY

Two methods were used to estimate mean monthly streamflow that is available for
irrigation in the upper Pryor Creek basin. The concurrent-measurement method,
which was based on the correlation of flow at ungaged sites with the concurrent
flow at a nearby gaged site, was used to estimate flow at 13 ungaged sites, most of
which were tributaries to Pryor Creek. The gain-loss measurement method, which was
based on two sets of measurements, was used to estimate the mean monthly natural
flow at two ungaged sites along Pryor Creek, In the latter method, the nearly
linear increase of flow, as described by the two sets of measurements, was used
along Pryor Creek from site 3 to site 10. The 8treamflow available for irrigation
in the Pryor Unit is the long-term mean monthly natural flow of Pryor Creek
upstream from Pryor Ditch 3 near Pryor (site|8) plus the long-term mean monthly
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flow of Lost Creek Ditch near Pryor (site 5). The mean monthly streamflow
available to the Pryor Unit during the irrigation season ranges from 19 ft3/s in
September to 35 ft3/s in June.

To evaluate water needs for irrigation in the study area, monthly and seasonal
water requirements and losses were calculated for the total acreage for irrigation
facilities in the Pryor Unit. The consumptive-use requirement was calculated using
monthly and seasonal factors for alfalfa, which has the largest consumptive-use
requirement of crops grown in the area. The conveyance and on-farm losses and the
diversion requirement were calculated using monthly and seasonal factors that are
based on the overall irrigation efficiency in Big Horn County. When these factors
are used to estimate the losses and diversion requirement for small irrigated
fields elsewhere in the study area that are supplied from short conveyance systems,
the results might be too large. The resulting data for the Pryor Unit indicate
that the estimated monthly diversion requirement is largest in July (about 6,200
acre-ft) and the estimated irrigation-season diversion requirement is about 15,300
acre-ft.

The streamflow quantity available to offset the diversion requirement is about
7,700 acre-ft during the irrigation season, which leaves a deficit of 7,600 acre-
ft. The current available streamflow would be adequate to almost meet the
consumptive-use requirement of the Pryor Unit if conveyance losses were eliminated
and the on-farm irrigation efficiency were increased, such as by sprinkler
irrigation.

Water samples for chemical analysis were collected at 8 streamflow sites on
August 16, 1989, and 1ll-‘sites on July 24, 1990. The dissolved-solids concentration
in water from Pryor Creek increased downstream from 346 to 543 mg/L for the August
samples and from 331 to 517 mg/L for the July samples. Dissolved-solids concentra-
tions in 17 of the 19 water samples collected for chemical analysis were less than
1,000 mg/L, indicating that the water generally is suitable for irrigation with
respect to dissolved-solids concentration.
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